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D scription 

After the introduction of CFC processes in the 40's, 
the need was generally felt to test catalysts prior to their 
commercial application in order to select the most ade- 
quate one. The requirements to be complied with by a 
CFC catalyst test are the following : Simplicity , repro- 
ducibility and a good correlation to real world data. Ac- 
cordingly, the Mobil Oil R&D team proposed a test (RB. 
Weisz and J.N. Miele, J. CataL, 4, 527, 1965). In this 
test the cracking rate of n-hexane on a certain catalyst 
is compared to the cracking rate of a silica-alumina ref- 
erence catalyst. 

With the advent of zeolytic catalysts, this method 
proved to be no longer adequate to determine the activ- 
ity ot commercial catalysts. Several other tests were ap- 
plied in the assessment ot the new catalysts, always tai- 
lored to the need of using short reaction times and small 
amounts of catalyst (J. Alexander, Proc. API 27, III, 51, 
1947) Thus the microaclivity cracking test (MAT) was 
developed, where 1 ml of gas oil was treated with spatial 
rates between 0.2 and 5 minutes (F.G. Ciapetta and D. 
S. Henderson Oil Gas J., October 16, 88, 1967). This 
test was subsequently modified reducing the feed time 
(A. Montgomery and W.S.Lctzsch, Oil Gas J., Novem- 
ber 22. 60, 1971). Another version of the same micro- 
activity test (N.Y. Chen and S J, Lucki, Ind. Eng. Chem. 
P.D.D., 10,71,1971) uses feeds as of 0.1 ml and allows 
for manual and in situ performance of reaction-regener- 
ation cycles 

In view of the interest and the economic relevance 
of this issue, the ASTM Committee developed a MAT 
unit according to ASTM standard D-3907. In this stand- 
ard the experimental conditions are specified, as well as 
the design characteristics of the reactor, the furnace, the 
feeder and the receiver. Generally speaking, a vast ma- 
jority of catalyst manufacturing and testing laboratories 
build these units in conformity with ASTM-D3907 with 
regard to the design of the unit, although they may in- 
troduce devices to adapt the unit to the respective op- 
erating conditions (R.J Campagna et al., Oil Gas J.; 
March 24, 88, 1986). 

US-A-4 099 923 discloses an automatic catalyst 
screening unit with a reactor module defining a plurality 
of reaction chambers, for analysing a plurality of poten- 
tial catalysts. 

In all the systems described in the literature the as- 
says are carried out either manually or automatically. In 
this latter case, however, the assistance of the operator 
is required to conduct a second assay (N.Y. Chen et al., 
Ind. Eng. Chem. P.R.D. 16, 242,1977). Hence to our 
knowleadge, there do not exist any MAT units as de- 
scribed above which would allow for sequential and pre- 
programmed runs of several assays under different op- 
erating conditions : temperature, reaction and regener- 
ation time, catalyst /feed ratio and partial feed pressure. 

It is the purpose of this invention to provide a MAT- 
type Catalyst unit for the study of catalyst activity and 



selectivity incorporating a totally computerized catalytic 
cracking device which allows to conduct predesigned 
experimental series, including analysis of the reaction 
products. 

5 The catalytic unit as claimed, permits to implement 
continuos experimental cycles (purging-reaction-purg- 
ing-regeneration) including reaction gas analysis, total 
carbon, H/C ratio in the catalyst, as well as collection of 
reaction liquors in a totally automatic manner, thus mak- 
10 ing the aid of an operator unnecessary. |n addition, this 
catalytic unit allows for a wide range of operating and 
experimental conditions requiring minimal feedstock 
amounts and short reaction times maintaining material 
balances above 95 %. 
is According to a prefered embodiment, the unit com- 
prises a reactor made of glass, quartz, steel, ceramic 
material or any other material, which allows for opera- 
tion above 400 e C. Among these materials, steel is to be 
preferred. The dimensions and other characteristics of 
20 ihe reactor are similar to those described in ASTM 
standard D-3907. The feedstock is added by means of 
a continuos feeder-pump, which is governed by a cen- 
tral control unit. A syringe positioned inside the pump 
and which can be heated delivers the feedstock to the 
25 reactor. The feeding system used is an " on column"- 
type injection system consisting of a percussor 
equipped with a needle or any other device which can 
penetrate the reactor at the rate and according to the 
intervals determined by the control unit. This injection 
30 system allows for high precision feeding of amounts as 
small as 0.1 ml. Alternatively the injection system can 
be based on a three-way valve with small dead volume, 
coupled to the feeder pump and controlled by the central 
unit. The feed portions in the different experiments can 
35 be varied over a range from 0. 1 - 50.0 ml, although they 
would preferably move between 0.2 and.3.0 ml. 

The feed is evaporated in the top part of the reactor, 
when passing through a stainless steel, quartz or ce- 
ramic cylinder, diameter 0. 1 - 2.5 cm, preferably 0.5 - 2 
40 cm, whose middle portion is hoi low to allow for feed pas- 
sage, the inner cylinder diameter being 0.5-2.0 mm. 
Several thermocouples fitted along the reactor walls 
measure and control reactor temperature, especially in 
the area of the catalyst bed. The reactor is heated elec- 
ts trically by means of several heating units similar to the 
ones described in the ASTM standard nr. D-3907. 

The liquid reaction products and gases leave the 
reactor through a 3-way or mulliporl valve with a dead 
volume below 0.01 ml controlled by an analog or digital 
50 positioner, also governed by the central control unit. This 
valve distributes the liquid reaction products from th 
different tests programmed into the respective receivers 
and transfers the reaction gasos to tho analyzer system. 
In addition the valve can establish reactor communica- 
55 tion with th atmosphere or with the ducts transporting 
the regeneration gases to the analyzer system. Thus an 
8 -port valve, for example, can handle samples from 6 
or 7 experiments. Optionally the valv can be pro- 
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grammed for differently spaced sampling from one and 
the same experiment, thus attending different reaction 
times. 

The liquid product receiver system consists of pipes 
similar to the system described in ASTM standard D- 
3907, which are fitted within an isotherm system, either 
controlled by the central unit or by an independent de- 
vice, and which maintains the receivers at a temperature 
between -5 and 50 9 C during the different phases of the 
cycle: purge-reaction-purge-regeneration. 

The reaction gases are collected in a container by 
means of water displacement or any other method, 
where the volume is controlled by sensors of any type, 
such as optical, capacitating, inductive and other sen- 
sors. Optionally this volume may remain uncontrolled. 

The load loss in the catalyst bed is measured by 
means of direct observation with a manometer or pref- 
erably through the control unit as a function of the read- 
ings obtained from a pressure transducer. 

Reaction gas analysis is done automatically 
through displacement from the leceivei. and is control- 
led through the control unit when injecting the gases into 
a gas chromatograph or any other analytic system. The 
system furthermore allows for analysis of several sam- 
ples of one and the same experiment, calculating the 
proportion and the total amount of gaseous products. 

Once the reaction has been completed, the feed 
supply is interrupted instantly by switching off the feeder 
pump and making the percussor extract the needle from 
the reactor, or else the connection between the valve 
and the reactor is cut off. Simultaneously a pre-pro- 
grammed inert gas flow is blown in and controlled. The 
purge time with inert gas may comprise 460 minutes and 
preferably 10 to 20 minutes. Purge temperatures may 
be equal or different from the reaction temperature, de- 
pending on the respective programming parameter. 

Once the purge time has been completed, the inert 
gas flow is automatically switched off, and an air blast 
or any other oxidizing gas is blown into the reactor, at a 
previously programmed flow rate. Catalyst regeneration 
takes place at a temperature between 400 and 800 2 C, 
preferably in the 550 - 700 2 C range.The respective tem- 
perature is reached automatically and following a pre- 
programmed heating rate. Regeneration can be done 
with air, oxygen or a blend of the former two with water 
vapour. 

During the regeneration phase, the combustion 
gases are conducted through a furnace equipped with 
a catalyst, which will accomplish complete oxidation of 
CO to C0 2 . The C0 2 and H 2 0 of the combustion gases 
are analyzed by means of suitable techniques, such as 
IR, gas chromatography, etc. Gas chromatography is 
tho method of choice, as it allows for simultaneous anal- 
ysis of C0 2 and H 2 0. Thus it becomes possible to obtain 
the H/C ratio of the coke in the catalyst. 

The data obtained from r action gas analysis, as 
well as combustion gas analysis are transmitted via port 
RS232 or any other means to the central control unit. 



Together with the data defining the experimental condi- 
tions and results in the computer unit, this information 
is used to build up a data base appropriate for applica- 
tion with the different computing and data retrieval pro- 
5 grammes. 

Once the programmed regeneration time has been 
completed, the system adjusts automatically to the re- 
action temperature programmed for the following test. 
The oxidizing gas inflow is interrupted and the reactor 
is filled with inert gas. 

Following this sequential cycle it is possible to con- 
duct between 2 and 20 tests without any interference or 
handling on the part of the operator. The system has 
been specially designed to handle, with one single cat- 
alyst charge, several experiments obeying different re- 
action conditions. For instance, reaction times between 
1 0 and 300 seconds, preferably between 1 5 and 75 sec- 
onds, can be coped with, as well as, catalyst / feed ratios 
between 0.1 and 40.0 g/g, preferably between 1 and 20 
g/g, and reaction temperatures between 400 and 
700 Q C, preferably between 480 and 650 S C. In addition, 
partial feed pressure can be modified by means of si- 
multaneous input of an inert gas flow, allowing for vari- 
ation over the range of 0.1 to 1 atmosphere, preferably 
between 0.3 and 1 atmosphere. 



Claims 

1. A computerized unit for the study and evaluation of 
catalytic cracking catalyzers, specially designed for 
carrying out a series of continuous cyclic experi- 
ments under varying experimental conditions with- 
out operator assistance, the unit comprising: 

one single tubular reactor with a fixed or fluid 
catalytic bed, the dimensions of said catalytic 
bed varying in accordance with the amount of 
catalyst, including those described in astm 
standard D3907; 
at least one heating unit; 
a fuel supply system capable of feeding con- 
trolled programmed amounts of liquid gases or 
liquid/gas mixtures delivering liquid fuel by an 
injection system that includes a continuous fuel 
pump connected to an injection device which is 
introduced into the reactor when a percurssor 
is automatically activated at the beginning of 
the reaction and which exits the reactor quickly 
and automatically at the end of the reaction 
time; 

a product collection system by means of a 
morc-than-throo-way valvo with a dead volume 
less than 0.01 ML allowing controlled collection 
of liquid products from different experiments in 
differ nt samplers, transfer of gaseous prod- 
ucts and purge thereof in the collection recep- 
tacle during regeneration allowing combustion 
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gases to be sent to the analysis line, whereby 
several experiments obeying different reaction 
conditions are handled with one single charge 
of catalyst. 



2. 



3. 



4. 



5. 



A unit in accordance with claim 
jection device is a needle. 



1 , wherein the in- 



A unit in accordance with any of the preceding 
claims comprising a liquid injection system operat- 
ed by a three-way valve with a dead volume of less 
than 0.01 ML controlled by a central control unit. 

A unit in accordance with any of the preceding 
claims permitting fractioned collection of liquid and 
gaseous reaction products in the same experiment. 

A unit in accordance with any of the preceding 
claims comprising a central control unit that auto- 
matically programs control of the system according 
to preprogrammed experimental conditions. 

A unit in accordance with claim 4, wherein automat- 
ic collection by the central control unit of results of 
analysis of accumulated reaction, and point and cu- 
mulative analysis of regeneration gases, with in- 
stant generation of a data base for use in various 
calculation programs with representation of the re- 
sults, are performed. 

A unit in accordance with any of the preceding 
claims, operating within the following ranges of ex- 
perimental conditions: fuel supply 0.1 -50.0 ML; re-_ 
action temperature 400 - 700°C; liquid product col- 
lection temperature -50 to 50°C; reaction time 10 - 
300 seconds; catalyst/feed ratio 0.1 - 40.0 G/G; fuel 
partial pressure 0.1 -1.0 atmosphere. 



Patentanspruche 

1. Computerisierte Einheit fur das Studium und die 
Bewertung katalytischer Spaltkataiysatorea insbe- 
sondere entworfen zum Durchfuhren einer Serie 
von forllaufenden zyklischen Experimenten unter 
Variierung experimenteller Bedingungen ohne As- 
sistenz des Betreibers, derart, dafi die Einheit ent- 
halt. 

einen einzigen rohrenformigen Reaktor mit ei- 
nem fixierten oder fluidformigen katalytischen 
Bett, derart, dafi die Abmessungen des kataly- 
tischen Botts in Uborcinstimmung mit dom Urn- 
fang des Katalysators variieren, einschlieBlich 
denjenigen, die in dem astm-Standard D3907 
beschrieben sind; 

zumindest eine Heizeinheit; 



ein Brennstoffzuluhrsystem, das in der Lag 
ist, gesteuerte programmierte Umfange von 
flussigen Gasen oder Flussigkeits-ZGasmi- 
schungen zuzufuhren, unter Abgabe flussigen 

s Brennstoffes durch ein Einspritzsystem, das ei- 

ne kontinuierlich arbeitende Brennstoffpumpe 
enthalt, die mit einer Einspritzeinrichtung ver- 
bunden ist, derart, daG dieses in den Reaktor 
dann eingefuhrt wird, wenn ein Vorjganger (per- 

10 curssor) zu Beginn der Reaktion automatisch 

aktiviert wird, und das aus dem Reaktor schnell 
und automatisch am Ende der Reaktionszeit 
austritt; 

is ein Produktsammelsystem mittels eines mehr- 

als-Dreiwegventil mit einem Totvolumen von 
weniger als 0,01 ML, das eine gesteuerte 
Sammlung von flussigen Produkten aus unter- 
schiedlichen Experimenten mit unterschiedli- 

20 chen Proben ermoglicht, sowie den Transfer 

der gasformigen Produkte und deren Reini- 
gung in dem Sammelelement wahrend der Re- 
generierung, wodurch Verbrennungsgase an 
die Analyseleitung gesendet werden konnen 

25 und wodurch mohrore Exporimonto, die untcr- 

schiedlichen Reaktionsbedingungen unterlie- 
gen, mit einer einzigen Charge des Katalysa- 
tors gehandhabt werden. 

30 2: Einheit nach Anspruch 1 . dadurch gekennzeichnet, 
daG die Einspritzeinrichtung eine Nadel ist. 

3. Einheit nach einem der vorhergehenden Anspru- 
che, enthaltend ein Flussigeinspritzsystem betrie- 

35 ben mit einem Dreiwegventil mit einem Totvolumen 
von weniger als 0,01 ML, gesteuert durch eine Zen- 
tralsteuereinheit. 

4. Einheit in Ubereinstimmung mit einem der vorher- 
40 gehenden Anspruche, derart, daf3 sie eine Samm- 
lung in Bruchteilen der flussigen und gasfdrmjgen 
Reaktionsprodukte in demselben Experiment er- 
moglicht. 

45 s. Einheit in Ubereinstimmung mit einem der vorher- 
gehenden Anspruche, enthaltend eine Zentralsteu- 
ereinheit, die automatisch die Steuerung des Sy- 
stems gemaf3 den vorprogrammierlen Experimenl- 
bedingungen programmiert. 

so 

6. Einheit nach Anspruch 4, dadurch gekennzeichnet, 
da3 das automatische Sammeln der Analyseergeb- 
nisso dorakkumuliorton Roaktion durch dioZontral- 
steuereinheit durchgefuhrt wird, sowie eine Punkt- 
ss und kumulative Analys der Regenerierungsgas 
mit momentaner Erzeugung einer Datenbasis fur 
den Einsatz in zahlreichen Ber chnungsprogram- 
men unter Darstellung der Ergebnisse. 
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7. Einheit nach einem der vorhergehenden Anspru- 
che, dadurch gekenn7eichnet, daG sie mit den fol- 
genden Bereichen der Experimentierbedingungen 
betrieben wird: Benzinzufuhr 0.1 - 50,0 ML; Reak- 
tionstemperatur 400 - 700°C: Flussigkeitsprodukt- 
Sammeltemperatur -50 bis 50°C; Reaktionszeit 10 
. - 300 Sekunden; Katalysator/Zufuhrverhaitnis 0,1 - 
40,0 G/G; Brennstoffpartialdruck 0,1 - 1.0 Atmo- 
spharen. 



Revendications 

1 . Un ensemble informatise pour I'etude et revaluation 
de cataiyseurs de craquage catalytique, speciale- 
ment con?u pour I'execution d'une serie d'experien- 
cescycliques en continu dans des conditions expe- 
rimentales variables sans intervention d'un opera- 
teur, Tensemble comprenant : 

un reacteur tubulaire individuel a lit catalytique 
fixe ou fluide, les dimensions dudit lit catalyti- 
que variant en fonction de la quantite de cata- 
lyseur, y compris ceux decrits dans la norme. 
ASTM D3907 : 



10 



cations pr'cedentes comprenant un systeme d'in- 
jection de liquide actionne par un distributeur a trots 
voies presentant un volume residuel de moins de 
0 ; 01 millilitre commande par une unite de comman- 
de centrale. 

Un ensemble selon Tune quelconque des revendi- 
cations precedentes permettant le recueil fraction- 
ne de produits de reaction liquides et gazeux dans 
la meme experience. 



5. Un ensemble selon I'une quelconque des revendi- 
cations precedentes comprenant une unite de com- 
mande centrale qui programme automatiquement 

is le pilotage du systeme en fonction de conditions ex- 
perimentales preprogrammees. 

6. Un ensemble selon la revendtcation 4, dans lequel 
sont effectues le recueil automatique par I'unite de 

20 commande centrale de resultals d'anaiyse de reac- 
tion cumulee, et I'analyse ponctuelle et cumulative 
de gaz de regeneration, avec generation immediate 
d'une base de donnees destinee a etre utilisee dans 
divers programmes de calcul avec representation 

2$ des rcsultats. 



30 



au moins un ensemble de chauffage ; 

un systeme d'alimentation en combustible ca- 
pable de fournir des quantites programmees 
controiees de gaz liquefies ou de melanges 
gaz-liquide, de delivrer du combustible liquide 
par un systeme d'injection qui comporte une 
pompe a combustible continue reliee a un dis- 
positif d'injection qui est introduit dans le reac- 
teur lorsqu'un pointeau est automatiquement 
active au debut de la reaction et qui quitte le 
reacteur rapidement et automatiquement a la 
fin du temps de reaction ; 

un systeme coliecteur de produits au moyen 
d'un distributeur a plus de trois voies d'un vo- 
lume residuel de moins de 0,01 millilitre per- 
mettant le recueil controle de produits liquides 
provenant de differentes experiences dans dif- 
ferents echantillonneurs, le transfer! de pro- 
duits gazeux et leur purge dans le receptacle 
coliecteur pendant la regeneration permellant 
aux gaz de combustion d'etre envoy6s a la ca- 
nalisation d'anaiyse, en permettant ainsi a plu- 
sieurs experiences obeissant a des conditions 
de reaction differentes d'etre menees avec une 
memo charge do catalysour. 



2. Un ensemble selon la revendication 1 , dans lequel 55 
le dispositif d'injection est une aiguille. 



35 



40 



45 



so 



Un ensemble selon Tune quelconque des revendi- 
cations precedentes, travaillant dans les domaines 
de conditions experimentales suivants : alimenta- 
tion en combustible de 0,1 a 50,0 millilitres ; tempe- 
rature de reaction de 400 a 700°C ; temperature de 
recueil de produits liquides de -50 a +50° C ; temps 
de reaction de 10 a 300 secondes ; rapport cataly- 
seur/produits d'alimentation de 0,1 a 40,0 g/g ; 
pression partielle du combustible de 0, 1 -1 ,0 atmos- 
phere. 



3. Un ensemble selon Tune quelconque des revendi- 
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